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(57) Centrifugal filtration capable of imnproving re- 
covery of crystal in a basket (20). The basket is so ar- 
ranged that a central axis thereof is inclined with respect 
to a horizontal direction to obliquely downwardly orien- 
tate a bottom wall (20b) of the basket. A crystal recovery 
suction pipe (33A) is arranged which includes a pfvotally 
movable section (33b) pivotally moved in the basket, of 
which a distal end is advanced into crystal in the basket. 


Crystal in the basket is recovered by suction through the 
distal end of the suction pipe, which is ultimately dis- 
placed to a corner (P) of the basket between a lower- 
most portion of a peripheral wall (20a) of the basket and 
the bottom wall. This permits crystal collected to a low- 
ermost section of the basket to be substantially recov- 
ered by suction through the suction pipe, to thereby im- 
prove crystal recovery. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a centrifugal filtration meth- 
od and a centrifugal filtration apparatus therefor. 

In a chemical plant, a solid-liquid separation step of 
separating slurry which is untreated liquid into a liquid 
fraction contained in the slurry and crystal is often prac- 
ticed in manufacturing of a product. Also, a cleaning step 
of cleaning the crystal with cleaning liquid and a drying 
step of drying cleaned crystal are generally conducted 
subsequent to the solid-liquid separation step. 

An apparatus for such solid-liquid separation is gen- 
erally classified into two types. One of them is a filter- 
type filtration apparatus which is adapted to squeeze or 
press slurry to feed it to a filter, to thereby separate the 
slurry into a liquid fraction and crystal. The other type is 
a centrifugal filtration apparatus which is generally con- 
structed so as to feed slurry to a basket rotated at a high 
speed to separate the slurry into a liquid fraction and 
crystal by centrifugal force. 

The filter-type filtration apparatus causes crystal to 
be pressed during filtration, so that the crystal tends to 
take the form of blocks or agglomerates. This results in 
the crystal being densified in structure. Thus, the filter- 
type filtration apparatus substantially fails to permit 
cleaning liquid to be uniformly distributed in the crystal 
by penetration in a cleaning step, to thereby keep the 
crystal from being effectively cleaned. 

On the contrary, the centrifugal filtration apparatus 
permits suitable voids to be formed in a structure of crys- 
tal while eliminating such squeezing or pressing of crys- 
tal as described above, resulting in cleaning liquid uni- 
formly entering crystal to a degree sufficient to ensure 
satisfactory cleaning of the crystal in a short period of 
time, so that the crystal may be provided with increased 
quality. 

Also, the filter-type filtration apparatus has the 
above-described disadvantage of rendering a structure 
of crystal densified, so that much time is required for 
drying of the crystal; whereas the centrifugal filtration 
apparatus prevents densification of crystal, so that the 
drying may be accomplihsed in a relatively short period 
of time. 

Thus, the centrifugal filtration apparatus ensures ef- 
fective and uniform cleaning of crystal and reduces a 
period of time required for the drying, therefore, crystal 
obtained is substantially decreased in impurity content 
and provided with high quality. 

The centrifugal filtration apparatus, as described 
above, exhibits significant advantages over the filter- 
type filtration apparatus, however, it encounters a prob- 
lem of rendering recovery of crystal obtained trouble- 
some or difficult because crystal is formed in a cage- 
type basket. In particular, when the basket is arranged 
in a casing of the closed type in order to prevent inclu- 
sion of impurities in the crystal, satisfactory recovery of 


crystal obtained is rendered substantially impossible. 

It would be considered that recovery of crystal from 
the basket of the centrifugal filtration apparatus is con- 
veniently carried out by inserting a suction pipe connect- 
s ed to a vacuum suction unit into the basket to recover 
the crystal by suction through the suction pipe. Certainly, 
the suction pipe permits crystal to be recovered to a de- 
gree even when the basket is arranged in a closed-type 
casing. 

10 Nevertheless, mere insertion of the suction pipe into 
the basket is insufficient to efficiently recover substan- 
tially all crystal in the basket, leading to remaining of 
crystal in the basket. 

In view of the foregoing disadvantage, the inventors 
is proposed a centrifugal filtration apparatus as disclosed 
in Japanese Patent Publication No, 28553/1985 
(60-28553) and Japanese Patent Publication No. 
44982/1987 (62-44982). The apparatus proposed is so 
constructed that a basket is formed on a bottom wall 
thereof with circumferential ly extending grooves in 
which crystal deposited on an inner periphery of the bas- 
ket is collected by drop, resulting in crystal scraped off 
in the grooves by a scraping unit being discharged by 
suction using a suction pipe. The centrifugal filtration ap- 
paratus enhances recovery of crystal, however, it fails 
to collect all crystal in the grooves, leading to some re- 
maining of crystal in the basket. 

Further, in manufacturing of fine chemicals such as 
pharmaceutical preparations or the like, it is required to 
prevent inclusion of impurities in crystal to the utmost. 
For this purpose, it is desired to carry out steps extend- 
ing from a solid-liquid separation step to a drying step 
in the same container. When a centrifugal filtration ap- 
paratus is used to this end, it is desired that crystal is 
dried in a basket after a solid-liquid separation step and 
a cleaning step. Thus, as seen in Japanese Patent Pub- 
lication No. 20560/1995 (7-20560), it would be consid- 
ered that the basket is fed with heat to dry crystal after 
completion of the cleaning step. Unfortunately, any con- 
ventional centrifugal filtration apparatus is not construct- 
ed so as to ensure that mere feed of heat to the basket 
permits crystal to be efficiently dried. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
foregoing disadvantage of the prior art. 

Accordingly, it is an object of the present invention 
to provide a centrifugal filtration method which is capa- 
ble of increasing recovery of crystal as compared with 
the prior art. 

It is another object of the present invention to pro- 
vide a centrifugal filtration method which is capable of 
efficiently carrying out steps extending from a solid-liq- 
uid separation step to a drying step in the same basket 
without deteriorating quality of crystal. 

It is a further object of the present invention to pro- 
vide a centrifugal filtration apparatus which is capable 
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of being effectively applied to practicing of the centrifu- 
gal filtration method exhibiting the above-described ob- 
jects. 

In accordance with one aspect of the present inven- 
tion, a centrifugal filtration method is provided which is 5 
adapted to separate slurry into a liquid fraction and crys- 
tal by centrifugal force. The method includes a solid-liq- 
uid separation step of subjecting slurry to centrifugal fil- 
tration by means of a centrifugal filtration apparatus to 
separate the slurry into a liquid fraction and crystal. The io 
centrifugal filtration apparatus includes a basket con- 
structed of a cylindrical peripheral wall formed with a plu- 
rality of through-holes, a bottom wall arranged so as to 
close one end of the peripheral wall defined in an axial 
direction thereof and an annular end wall arranged so is 
as to be projected inwardly in a radial direction of the 
peripheral wall from an inner periphery of the other end 
of the peripheral wall defined in the axial direction, as 
well as a rotation drive unit for rotating the basket. The 
crystal is deposited on an inner peripheral surface of the 20 
basket during the solid-liquid separation step. The meth- 
od also includes a crystal scraping step of scraping off 
crystal deposited on the inner peripheral surface of the 
basket and a crystal recovery step of recovering crystal 
scraped off from the inner peripheral surface of the bas- 25 
ket by suction through a crystal recovery suction pipe 
inserted into the basket. The crystal recovery step is car- 
ried out in a manner to advance a forward end of the 
crystal recovery suction pipe into crystal to suck crystal 
and concurrently displace the forward end of the suction 30 
pipe to a corner of the basket between a lowermost por- 
tion of the peripheral wall of the basket and the bottom 
wall of the basket while keeping a central axis of the 
basket inclined by a predetermined angle with respect 
to a horizontal direction to orientate the bottom wall of 3s 
the basket in an oblique and downward direction. 

The above-described arrangement of the basket in 
a manner to keep the central axis of the basket inclined 
with respect to the horizontal direction permits crystal 
scraped off to be ultimately collected at the lowermost 40 
portion of the basket or the comer of the basket between 
the lowermost portion of the peripheral wall of the basket 
and the bottom wall of the basket. Thus, when the for- 
ward end of the crystal recovery suction pipe is oriented 
toward the corner, substantially all crystal can be recov- 45 
ered by suction with increased efficiency 

The method thus constructed is effective when the 
solid-liquid separation step, the cleaning step of feeding 
cleaning liquid to the basket to clean crystal, the crystal 
scraping step of scraping off crystal deposited on the so 
inner peripheral surface of the basket therefrom while 
rotating the basket at a low speed, the drying step of 
feeding heat to the basket to dry crystal while rotating 
the basket, and the crystal recovery step of recovering 
dried crystal by suction through the crystal recovery sue- 
tion pipe inserted into the basket are practiced while 
keeping the casing tightly closed. 

In this instance, the drying is carried out while re- 


peatedly turning over the crystal in the basket. 

Thus, the drying step executed while rotating the 
basket to repeatedly turn over crystal permits crystal in 
the basket to be uniformly exposed to heat, so that crys- 
tal may be dried in a short period of time. 

Recovery of crystal after the drying step as de- 
scribed above permits crystal to be provided with highly 
increased free-flowing properties, so that substantially 
all crystal may be collected at the corner of the basket 
between the lowermost portion of the peripheral wall of 
the basket and the bottom wall of the basket. This results 
in crystal recovery being accomplished with increased 
efficiency. 

In the drying step described above, it is preferable 
to reduce a pressure in each of the casing and basket 
by means of a pressure reducing unit such as a vacuum 
pump or the like. Drying of crystal while reducing a pres- 
sure in the casing and basket permits heat energy fed 
to the basket to be reduced, leading to energy savings. 
Also, this permits a temperature of crystal to be kept low 
during the drying step, to thereby substantially prevent 
thermal deterioration of crystal. 

Further, the above-described pressure reduction 
renders an interior of the basket free from any oxygen 
or substantially reduces a content of oxygen in the bas- 
ket, to thereby effectively prevent oxidation of crystal. 

Moreover, the pressure reduction significantly re- 
duces both a content of oxygen in the basket and ther- 
mal energy fed to the basket, to thereby fully eliminate 
likelihood of explosion of inherently flammable crystal 
during the drying step. 

In accordance with another aspect of the present 
invention, a centrifugal filtration apparatus suitably ap- 
plied to practicing of the above-described method of the 
present invention is provided. The centrifugal filtration 
apparatus includes a basket including a cylindrical pe- 
ripheral wall formed with a plurality of through-holes, a 
bottom wall arranged so as to close one end of the pe- 
ripheral wail defined in an axial direction thereof and an 
annu lar end wall arranged so as to be projected inwardly 
in a radialdirection of the peripheral wall from an inner 
periphery of the other end of the peripheral wall defined 
in the axial direction and supported in a manner to be 
rotatable, a rotation drive unit for rotating the basket, a 
slurry feed unit for feeding slurry to the basket, a crystal 
scraping unit for scraping off crystal deposited on an in- 
ner peripheral surface of the peripheral wall of said bas- 
ket, and a crystal recovery unit including a crystal recov- 
ery suction pipe inserted into said basket. The basket is 
arranged in a manner to keep a central axis thereof in- 
clined to obliquely downwardly incline the bottom wall. 

The crystal recovery suction pipe includes a pivot- 
ally movable section pivotally moved in the basket and 
is so arranged that the pivotally movable section is dis- 
placed at a forward end thereof between a last suction 
position defined in proximity to a corner of the basket 
between a lowermost portion of the peripheral wall of 
the basket kept inclined and the bottom wall of the bas- 
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ket and a retreat position at which the forward end is 
retreated inwardly of a position corresponding to an in- 
ner periphery of an opening of the basket. 

Alternatively, in place of keeping the basket con- 
stantly inclined, a basket inclination angle adjustment 5 
mechanism may be arranged for adjusting an angle of 
inclination of the central axis of the basket with respect 
to a horizontal direction so as to incline the central axis 
of the basket by a predetermined angle with respect to 
the horizontal direction to orientate the bottom wall of io 
the basket in an oblique and downward direction at least 
during the crystal recovery step. 

In a preferred embodiment of the present invention, 
the basket is arranged in a casing constructed into a 
tightly closable structure. is 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and many of the attendant 
advantages of the present invention will be readily ap- 20 
preciated as the same becomes better understood by 
reference to the following detailed description when 
considered in connection with the accompanying draw- 
ings; wherein: 

25 

Fig. 1 is a vertical sectional view showing an em- 
bodiment of a centrifugal filtration apparatus ac- 
cording to the present invention; 
Fig. 2 is a sectional view taken along line A-A of Fig. 
1 , which shows an essential part of the centrifugal so 
filtration apparatus of Fig. 1; 
Fig. 3 is a sectional view taken along line B-B of Fig. 

1; 

Fig. 4 is a sectional view of the centrifugal filtration 
apparatus shown in Fig. 1 , wherein a cover for a 3$ 
casing is open; 

Fig. 5 is fragmentary sectional view showing a mod- 
ification of arrangement of an end plate of a basket 
and a lid plate on a casing cover in a manner to be 
opposite to each other in a centrifugal filtration ap- 40 
paratus according to the present invention; 
Fig. 6 is a flow chart showing a part of an algorithm 
in an example of a program used for realizing a con- 
trol unit by a computer in a centrifugal filtration ap- 
paratus according to the present invention; 45 
Fig. 7 is a flow chart showing another part of the 
algorithm; 

Fig. 8 is a flow chart showing a further part of the 
algorithm- 
Fig. 9 is a vertical sectional view showing another so 
embodiment of a centrifugal filtration apparatus ac- 
cording to the present invention; 
Fig. 10 is a fragmentary enlarged vertical sectional 
view showing an essential part of a basket incorpo- 
rated in the centrifugal filtration apparatus shown in ss 
Fig. 9; and 

Fig. 11 is a plan view showing a basket incorporated 
in the centrifugal filtration apparatus shown in Fig. 9. 


DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now, the present invention will be described here- 
inafter with reference to the accompanying drawings. 

Referring first to Figs. 1 to 4, an embodiment of a 
centrifugal filtration apparatus according to the present 
invention is illustrated. In Fig. 1, reference numeral 1 
designates an installation base, 2 is a base frame fixed 
on the installation base 1 by means of bolts and the like, 
and 3 is a movable frame pivotally supported on the 
base frame 2 through a shaft 4. The base frame 2 is 
provided thereon with stoppers 5A and 5B, which are 
abutted against a part of the movable frame 3 to regulate 
a range of pivotal movement of the movable frame 3, so 
that an angle of pivotal movement of the movable frame 
3 is limited to an angular range between 1 0 degrees and 
30 degrees. In the illustrated embodiment, the base 
frame 2 and movable frame 3 are connected to a rear 
end of a hydraulic cylinder 6 and a distal end of a piston 
rod 6a of the cylinder 6 through pins 7 and 8, respec- 
tively, so that actuation of the hydraulic cylinder 6 per- 
mits the movable frame 3 to be pivotally moved from a 
first position at which the movable frame 3 is abutted 
against the stopper 5 A to a second position at which it 
is abutted against the stopper 5B. A releasable lock 
means (not shown) is arranged for releasably locking 
the movable frame 3 on the base frame 2 while holding 
the movable frame 3 at each of the first and second po- 
sitions, so that locking of the movable frame by the lock 
means permits the movable frame 3 to be firmly coupled 
to the base frame 2. 

The movable frame 3 has a casing 10 supported 
thereon. The casing 10 includes a casing base 11 and 
a casing cover 13 openably connected to the casing 
base 11 through a hinge 12 (Figs. 2 and 4). 

The casing base 11 includes a peripheral wall 11a 
formed into a cylindrical shape, a bottom wall 11b ar- 
ranged so as to close one end of the peripheral wall 1 1 a 
defined in an axial direction thereof, an outer flange 11c 
formed on the other end of the peripheral wall 11a in the 
axial direction, and a drainage pipe connection 11 d of 
an L-shape connected at one end to both peripheral wall 
11a and bottom wall 11b so as to communicate with an 
interior of the casing base 11, and a cylindrical portion 
11 e arranged on a peripheral edge of a through-hole 
formed at a center of the bottom wall 11 b so as to extend 
inwardly of the casing base 11. The bottom wall 11b is 
securely mounted on the movable frame 3 and the drain- 
age pipe connection 11 d has a drainage pipe (not 
shown) connected thereto. 

The casing cover 13, as shown in Fig. 4 as well as 
Fig. 1 , includes a cylindrical peripheral wall 1 3a adapted 
to be aligned with the peripheral wall lla of the casing 
base 11 , an outer flange 1 3b formed on the one end of 
the peripheral wall 13a defined in the axial direction 
thereof, an end wall 1 3c arranged so as to close the oth- 
er end of the peripheral wall 13a in the axial direction, 
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an inner collar 1 3d formed on an inner periphery of the 
peripheral wall 13a while being positioned inwardly of 
the end wall 13c, and a lid plate 13e arranged concen- 
trically with the inner collar 13d while being positioned 
inside an inner periphery of the inner collar 1 3d in a ra- 5 
dial direction thereof and connected to the end wall 13c 
by means of a connection member 14. 

The casing cover 1 3 is constructed so as to be piv- 
otally moved about the hinge 1 2 between a closed po- 
sition at which the peripheral wall 1 3a of the casing cov- io 
er 1 3 is aligned with the peripheral wall 1 1 a of the casing 
base 11 to abut the flange 13b against the flange 11c as 
shown in Figs. 1 and 2 and an open position at which a 
central axis of the peripheral wall 1 3a of the cover 13 is 
rendered perpendicular to a central axis of the periph- is 
eral wall 11a of the casing base 11. 

A packing (not shown) is arranged between the 
flange 13b of the casing cover 13 and the flange lie of 
the casing base 11 , so that when the flange 13b is fas- 
tened to the flange He using any suitable fastening 20 
means 1 5 such as bolts or the like while holding the cas- 
ing cover 13 at the closed position, a joint section be- 
tween the flange 13b of the casing cover 13 and the 
flange lie of the casing base 11 may be provided with 
both airtightness and liquid-tightness. 25 

The casing 10 is mounted on the movable frame 3 
so that a central axis of the casing 1 0 (a central axis of 
the peripheral wall of each of the casing base 11 and 
casing cover 13) is orientated in a horizontal direction 
when the movable frame 3 is at the first position at which 30 
it is abutted against the stopper 5A and is inclined by an 
angle of 10 to 30 degrees from the horizontal direction 
to obliquely downwardly orientate the bottom wall lib of 
the casing base 11 when the movable frame 3 is at the 
second position at which it is abutted against the stopper 35 
5B. 

The movable frame 3 is mounted thereon with a 
bearing unit 17 for supporting therein a revolving shaft 
1 6 coupled to a basket described hereinafter while being 
rendered coaxial with the casing 10. 40 

The bearing 17 includes a cylindrical housing 17a 
and a pair of ball bearings 1 7A and 1 7B arranged in the 
housing 17a in a manner to be spaced from each other 
at an interval in an axial direction thereof. The revolving 
shaft 16 is rotatably supported in the housing 1 7a while 45 
extending through an inner ring of each of the ball bear- 
ings 17A and 17B. The revolving shaft 16 is introduced 
at one end thereof through the cylindrical portion 11 e of 
the bottom wall lib of the casing base 11 into the casing 
1 0 and has the other end led out of the bearing unit 1 7. so 

The casing 10 is provided therein with a basket 20 
in a rotatable manner. The basket 20, as shown in Figs. 
1 , 2 and 4, includes a peripheral wall 20a, a bottom wall 
20b arranged so as to close one end of the peripheral 
wall 20a defined in an axial direction thereof, and an an- & 
nular end wall 20c arranged so as to be projected radi- 
ally inwardly of an inner periphery of the other end of the 
peripheral wall 20a in the axial direction. In the illustrat- 


ed embodiment, the peripheral wall 20a is mounted on 
the other end thereof with an outer flange 20d. The end 
wall 20c is constructed of an annular plate detachably 
mounted on the outer flange 20d by means of bolts or 
the like. The peripheral wall 20a of the basket 20 is 
formed with a number of through-holes for permeation 
while being uniformly distributed over the whole periph- 
eral wall 20a. 

The basket 20 is arranged in the casing 10 while 
aligning a central axis thereof with that of each of the 
casing 10 and bearing unit 17 and rendering the bottom 
wall 20b opposite to the casing base 11. The revolving 
shaft 16 is fixedly connected at one end thereof to the 
an outer surface of a center of the bottom wall 20b. 

The basket 20 is arranged so as to be coaxial with 
the casing 10 as described above, so that the central 
axis of the basket is orientated in the horizontal direction 
when the movable frame 3 is at the first position at which 
it is abutted against the stopper 5 and is inclined by an 
angle of 10 to 30 degrees from the horizontal direction 
to obliquely downwardly incline the bottom wall 20b 
when the movable frame 3 is at the second position at 
which it is abutted against the stopper 6. 

In the illustrated embodiment, the movable frame 3, 
hydraulic cylinder 6, stoppers 5A and 5B, and lock 
means (not shown) for locking the movable frame 3 to 
each of the first and second positions cooperate with 
each other to provide a basket inclination angle adjust- 
ment mechanism 21. 

The bearing unit 1 7 is mounted the reon with a motor 

22 acting as a drive source for rotating the basket 20. 
The motor 22 includes a revolving shaft 22a, on which 
a pulley 22 is mounted. Also, the other end of the revolv- 
ing shaft 16 led out of the bearing unit 17 is mounted 
thereon with a pulley 24 and a belt 25 is arranged so as 
to extend through the pulleys 23 and 24, so that the re- 
volving shaft 16 and basket 20 may be rotated by the 
motor 22. 

In the illustrated embodiment, the motor 22, pulleys 

23 and 24, and belt 25 cooperate with each other to con- 
stitute a rotation drive unit 26 for rotating the revolving 
shaft 16 and basket 20. 

The lid plate 13e of the casing cover 13, as shown 
in Fig. 1 , is arranged so as to be loosely fitted in the inner 
periphery of the end wall 20c of the basket 20 when the 
casing cover 1 3 is moved to the closed position. The lid 
plate 1 3e and end wall 20c are constructed so as to de- 
fine a microgap gl between an outer periphery of the lid 
plate 13e and the inner periphery of the end wall 20c to 
ensure smooth rotation of the basket 20. Also, the inner 
collar 13d of the casing cover 13 is arranged so as to 
externally surround an outer periphery of the end wall 
20c of the basket 20 when the casing cover 1 3 is moved 
to the closed position. The inner collar 1 3d and end wall 
20c are constructed so as to define a microgap g2 be- 
tween an inner periphery of the inner collar 1 3d and an 
outer periphery of the end wall 20c. 

In order to prevent leakage of crystal, mist of a liquid 
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fraction and the like from the basket through the gap gl 
between the end wall 20c of the basket 20 and the lid 
plate 1 3e of the casing cover 1 3, the lid plate 1 3e is se- 
curely mounted on a portion thereof rather in proximity 
to an outer periphery thereof with an annular lid member 
27 A made of a rubber material, which is arranged so as 
to be lightly slidably contacted at a portion thereof rather 
in proximity to an inner periphery thereof with a portion 
of the basket 20 rather in proximity to an inner periphery 
of the end wall 20c. 

Likewise, in orderto prevent leakage of a liquid frac- 
tion through the microgap g2 between the outer periph- 
ery of the end wall 20c of the basket 20 and the inner 
collar 1 3d of the casing cover 1 3, the casing cover 13 is 
securely mounted on a portion thereof rather in proxim- 
ity to an inner periphery of the inner collar 13d with an 
annular lid member 27B made of a rubber material, 
which is arranged so as to be lightly slidably contacted 
at a portion thereof rather in proximity to an inner pe- 
riphery thereof with the outer flange 20d of the basket 
20. 

The peripheral wall 20a of the basket 20 is fitted in 
an inner periphery thereof with a filter 28, which includes 
a wire net 28A formed into a cylindrical shape and a cy- 
lindrical perforated plate 28B arranged along an inner 
periphery of the wire net 28A and is fixedly mounted in 
the inner periphery of the basket through any suitable 
fixing means (not shown). Mounting and dismounting of 
the filter 28 with respect to the basket 20 are carried out 
while keeping the end wall 20c of the basket released 
therefrom. The perforated plate 28B is preferably made 
by forming a corrosion- resistant metal sheet such as 
stainless steel or the like with a number of pores by laser 
processing. 

The casing cover 13 is mounted with a slurry feed 
unit 30 for feeding slurry to the basket 20, a crystal 
scraping unit 31 for scraping crystal formed or deposited 
on an inner periphery of the peripheral wall 20a of the 
basket, a heating unit 32 for feeding heat to the basket 
to dry crystal in the basket, a crystal recovery unit 33 for 
recovering crystal formed in the basket, and a cleaning 
liquid feed unit 34 (Figs. 2 and 3). . 

The slurry teed unit 30 includes a liquid feed pipe 
30A arranged so as to extend through the end wall 13c 
and lid plate 1 3e of the casing cover 1 3 in an airtight and 
liquid-tight manner. The liquid feed pipe 30 A has an end 
30a positioned in the basket 20 and bent in a direction 
toward the peripheral wall 20a of the basket, as well as 
an end 30b positioned outside the casing 10. The end 
30b of the liquid feed pipe 30A is connected through a 
solenoid pipe and a piping (not shown) to a slurry feed 
pump or tank Thus, the liquid feed pipe 30A and the 
solenoid valve (not shown) connected thereto cooper- 
ate together to provide the above-described slurry feed 
unit 30 for feeding slurry to the basket 20. 

The crystal scraping unit 31 includes a drive shaft 
31 A inserted into the basket 20 through the end wall 1 3c 
and lid plate 13e of the casing cover 13 and rotatably 
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supported by a bearing 36, a scraping blade 31 C mount- 
ed on the drive shaft 31 B through an arm 31 B and piv- 
otally moved between an advance limit position at which 
the scraping biade approaches the peripheral wall 20a 

5 of the basket with rotation of the drive shaft 31 A and a 
retreat position at which it is retreated inwardly in a radial 
direction thereof from a position corresponding to an in- 
ner periphery of an end wall 30c of the basket, and a 
scraping blade drive unit 31 D for driving the drive shaft 

10 31 A to pivotally move the scraping blade 31 A. The ad- 
vance limit position is a position indicated by solid lines 
in Fig. 3, at which the scraping blade 31 C is kept from 
being contacted with the filter 28 and the retreat position 
is indicated by dashed lines in Fig. 3. The scraping blade 

is drive unit 31 D includes a support 35 fixed on the end 
wall 1 3c of the casing cover 1 3, a hydraulic cylinder 37 
pivotally supported on the support 35 and a pivotally 
movable arm 38 fixed at one end thereof on the drive 
shaft 31 A, wherein the hydraulic cylinder 37 has a piston 

20 rod 37a connected to the pivotally movable arm 38 
through a shaft 39. 

During feeding of slurry to the basket 20 by rotation 
of the basket 20 or during liquid removal by high-speed 
rotation of the basket 20, the piston rod 37a of the hy- 

25 draultc cylinder 37 is kept retreated, resulting in the 
scraping blade 31 C being held at the retreat position in- 
dicated at dashed lines in Fig. 3. When crystal deposited 
on the inner periphery of the peripheral wall 20a of the 
basket is to be scraped, the hydraulic cylinder 37 is ac- 

30 tuated to advance the piston rod 37a, so that the scrap- 
ing blade 31 C is permitted to gradually advance into the 
crystal. The scraping blade 31 C is permitted to finally 
advance to the advance limit position indicated by solid 
lines in Fig. 3. 

35 The heating unit 32 is not limited to any specific con- 
struction so long as it can feed heat to the basket. In the 
illustrated embodiment, the heating unit 32 is constitut- 
ed by a heater mounted on an inner periphery of the 
peripheral wall 13a of the casing cover 13. The heater 

40 for the heating unit 32 may be constructed so as to per- 
mit heated fluid to flowthrough a radiation pipe equipped 
with radiation fins exhibiting sufficient resistance to cor- 
rosion by a liquid fraction separated by filtration. Alter- 
natively, it may comprise an electric heater covered with 

45 a protective coating sufficient to exhibit corrosion -resist- 
ance to the liquid fraction and prevent the liquid fraction 
from deteriorating electric insulation of the heater. 

The crystal recovery unit 33 includes a suction pipe 
33A for crystal recovery and a suction pipe drive unit 

so 33B for actuating the suction pipe 33B. The suction pipe 
33A includes a straight pipe section 33a arranged so as 
to extend in parallel to the axis of the basket 20 and ex- 
tend through the casing cover 13 at a position biased 
from the central axis of the basket 20 and rotatably sup- 

55 ported by a bearing 40, as well as a pivotally movable 
section 33b which has a rearward end connected to an 
end of the straight pipe section 33a on a side of the bas- 
ket and a forward end 33bl curved so as to be directed 
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toward the peripheral wall 20a of the basket 20 and is 
pivotally moved in the basket with rotation of the straight 
pipe section 33a. The straight pipe section 33a and piv- 
otally movable section 33b may be formed integrally 
with each other. The suction pipe drive unit 33B includes 
a support 41 fixed on the end wall 1 3c of the casing cov- 
er 13, a hydraulic cylinder 42 pivotally supported at an 
end thereof on the support 41 and a pivotally movable 
arm 43 fixed at one end thereof to the straight pipe sec- 
tion 33a of the crystal recovery suction pipe 33A, where- 
in the hydraulic cylinder 42 includes a piston rod 42a 
which is connected at a distal end thereof to the pivotally 
movable arm 43 through a shaft 44. The crystal recovery 
suction pipe 33A is connected to a vacuum suction unit 
(not shown). 

The pivotally movable section 33b of the crystal re- 
covery suction pipe 33A is arranged so as to be pivotally 
moved between a last suction position and a retreat po- 
sition. The last suction position is defined to be a position 
at which the forward end 33bl approaches a corner P of 
the basket 20 between a lowermost portion of the pe- 
ripheral wall 20a of the basket 20 (or more precisely, a 
lowermost portion of an inner peripheral surface of the 
filter 28) and the bottom wall 20b thereof as indicated at 
solid lines in Figs. 1 to 3 while being kept in proximity to 
the inner surface of the bottom wall 20b of the basket 
20. The retreat position is defined to be a position at 
which the forward end 33bl is orientated in a substan- 
tially horizontal direction along a radial direction of the 
basket as indicated at dashed lines in Figs. 1 to 3. Thus, 
the pivotally movable section 33b is formed into a con- 
figuration and a length sufficient to ensu re that when the 
pivotally movable section 33b reaches the last suction 
position, the forward end 33bl of the pivotal movable 
section is rendered approaching the corner P between 
the lowermost portion of the peripheral wall 20a of the 
basket 20 (the lowermost portion of the inner peripheral 
surface of the filter 28) and the bottom wall 20b; whereas 
when it reaches the retreat position, the forward end 
33bl is permitted to be retreated inside from the position 
corresponding to the inner periphery of the end wall 20c 
of the basket. 

During feeding of slurry to the basket by rotation of 
the basket 20 or during liquid removal by high-speed ro- 
tation of the basket 20, the piston rod 42a of the hydrau- 
lic cylinder 42 is kept advancing, so that the pivotally 
movable section 33b of the suction pipe 33A is held at 
the retreat position indicated at the dashed lines in Figs. 
1 to 3. For the purpose of recovering crystal in the bas- 
ket, the piston rod 42a of the hydraulic cylinder 42 is 
retreated, resulting in the pivotally movable section 33b 
being pivotally moved to the last suction position. 

The cleaning liquid feed unit 34, as shown in Fig. 2, 
includes a cleaning liquid feed pipe 34A inserted into the 
basket while extending through the end wall 13c and lid 
plate 1 3e of the casing cover 1 3 in an airtight and liquid- 
tight manner, as well as an injection nozzle 34B mount- 
ed on an end of the cleaning liquid feed pipe 34A posi- 
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tioned in the basket 20. The cleaning liquid feed pipe 
34A is connected at an end thereof positioned outside 
the casing to a cleaning liquid (normally water) feed 
source such as a pump, a tank or the like through a so- 
5 lenoid valve and a predetermined piping (not shown). 
Thus, the cleaning liquid feed pipe 34A, nozzle 34B and 
solenoid valve (not shown) cooperate together to pro- 
vide the cleaning liquid feed unit 34. 

The end wall 1 3c of the casing cover 1 3 is mounted 
10 thereon with a liquid level detector 45 for detecting a 
level of slurry formed in the basket 20. The liquid level 
detector 45 includes a revolving shaft 45A inserted into 
the basket 20 while extending the end wall 13c and lid 
plate 1 3e of the casing cover and rotatably supported 
is by a bearing 46 arranged between the end wall 13c of 
the casing cover and the lid plate 13e thereof, as well 
as a detection arm 45B mounted on an end of the re- 
volving shaft 45A positioned in the basket and a sensor 
45C mounted on an outer surface of the end wall 1 3c of 
the casing cover for generating a detection signal pro- 
portional to an angle of rotation of the revolving shaft 
45A. The detection arm 45B, as indicated at solid lines 
in Fig. 3, is arranged so as to be pivotally movable be- 
tween an advance position and a retreat position. The 
advance position is defined to be a position at which a 
forward end of the detection arm 45B advances to a lo- 
cation deviated outwardly in a radial direction of the bas- 
ket from a position corresponding to an inner peripheral 
section 20cl of the end wall 20c of the basket, to thereby 
be inclined rearwardly in a direction of rotation of the 
basket (or a direction indicated by an arrow CL in Fig. 
3) based on the radial direction of the basket. The retreat 
position is defined to be a position at which the forward 
end is retreated inwardly in the radial direction of the 
basket from the position corresponding to the inner pe- 
ripheral section 20cl of the end wall 20c of the basket. 
The sensor 45C is provided therein with a spring for forc- 
ing the detection arm 45 B toward the advance position, 
so that the detection arm 45B is forcibly pivotally moved 
toward the advance position during detection of the lev- 
el. Also, the sensor 45C is provided with a lock means 
for holding the detection arm 45B at the retreat position, 
to thereby permit the detection arm 45B to be held at 
the retreat position against urging force of the spring 
when the casing cover is open. 

Slurry fed to the basket 20 is pressed against the 
inner peripheral surface of the peripheral wall of the bas- 
ket by centrifugal force, to thereby form a liquid layer on 
the inner peripheral surface of the basket. The detection 
arm 45B of the liquid level detector 45 is held at the ad- 
vance position while a liquid level of the liquid layer thus 
formed on the inner peripheral surface of the basket 20 
is low, so that the sensor 45C is kept from generating a 
detection signal. An increase in liquid level of the slurry 
in the basket causes a surface of the liquid to be con- 
tacted with the detection arm 45B. Contact of the liquid 
surface with the detection arm 45B causes the detection 
arm 45B to be. repeatedly repelled by the liquid surface, 
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to thereby be pivotally moved to the retreat position and 
then returned toward the liquid surface by urging force 
of the spring. This results in the detection arm 45B vi- 
brating. A center of vibration of the detection arm 45B 
is moved toward the retreat position with an increase in 5 
liquid level. The sensor 45C generates a detection sig- 
nal proportional to the magnitude or degree of pivotal 
movement of the detection arm 45B toward the retreat 
position, so that vibration of the detection arm 45B caus- 
es the sensor 45C to generate a detection signal of an 10 
oscillatory wave form corresponding to vibration of the 
detection arm. A level of a center of the oscillatory wave 
form is increased with an increase in displacement of 
the detection arm toward the retreat position or an in- 
crease in liquid level of the slurry, therefore, an average is 
value of the detection signal generated from the sensor 
45C is increased in proportion to an increase in liquid 
level. Thus, the liquid level can be found from an aver- 
age value of the output of the 6ensor 45C. 

In the illustrated embodiment, it is desirable that a 20 
glass window (not shown) for monitoring an interior of 
the basket 20 is arranged at each of positions on the 
end wall 1 3c and lid plate 1 3e of the casing cover which 
are aligned with each other. 

Now, the manner of operation of the centrifugal fil- 25 
tration apparatus of the illustrated embodiment thus 
constructed will be described in connection with sepa- 
ration of slurry into a liquid fraction and crystal. 

First, the basket 20 is so arranged that the central 
axis thereof is inclined by a predetermined angle (about 30 
10 to 30 degrees) with respect to a horizontal direction 
to keep the bottom wall 20b of the basket downwardly 
obliquely inclined. Also, the crystal recovery suction 
pipe 33A is held at the retreat position indicated at the 
dashed lines in Figs. 1 to 3 and the scraping blade 31 C 35 
is held at the retreat position indicated at the dashed 
lines in Fig. 3. Thus, solid-liquid separation processing 
including a liquid feed step and a liquid removal step is 
started. In the liquid feed step, the motor 22 is first driven 
to rotate the basket 20 at a rotational speed suitable for *o 
liquid feed and the solenoid valve of the slurry feed unit 
30 is open, so that slurry is fed through the slurry feed 
pipe 30A to the basket 20. During the liquid feed, when 
the sensor 45C of the liquid level detector 45 outputs a 
detection signal indicating that a liquid level of the slurry 45 
reaches a limit position, feed of the slurry to the basket 
is interrupted. Centrifugal force due to rotation of the 
basket 20 permits a liquid fraction of the slurry to be 
guided through the filter 28 to an outside of the basket, 
so that crystal contained in the slurry is deposited on the so 
inner peripheral surface of the peripheral wall of the bas- 
ket 20. The liquid fraction outwardly guided downwardly 
flows in the casing and then is discharged from the 
drainage pipe connection lid through a valve and a 
drainage pipe (not shown). ss 

When liquid removal progresses and lowering of the 
liquid level to a predetermined position is detected, slur- 
ry feed is restarted. Then, when the liquid level reaches 


the limit position, slurry feed is interrupted again. 

When the operation described above is repeated, 
resulting in a thickness of crystal deposited in the form 
of a layer on the inner peripheral surface of the basket 
being increased, a period of time required for liquid re- 
moval is increased with an increase in thickness of the 
crystal layer. When a thickness of the crystal layer is 
substantially increased, resulting in a failure in detection 
of a reduction in liquid level within a predetermined pe- 
riod of time, feed of the slurry to the basket is stopped, 
leading to completion of the liquid feed step. After com- 
pletion of the liquid feed step, the basket 20 is increased 
in rotational speed to a level suitable for liquid removal. 
The rotational speed is kept for a period of time for liquid 
removal previously determined by an experiment, re- 
sulting in the liquid removal step being carried out. 

After the liquid removal time required elapses, a 
cleaning step is carried out for cleaning crystal collected 
in the basket. In the cleaning step, the solenoid valve of 
the cleaning liquid feed unit 34 is open to introduce 
cleaning liquid into the cleaning liquid feed pipe 34 while 
rotating the basket at a rotational speed suitable for 
cleaning of the crystal, so that the cleaning liquid is in- 
jected from the nozzle 34B toward the peripheral wall of 
the basket 20, resulting in the crystal being cleaned. Af- 
ter a period of time predetermined for cleaning of crystal 
elapses, a rotational speed of the basket is increased to 
a level required for liquid removal, so that cleaning liquid 
contained in the crystal is removed from the crystal. 

Subsequent to the cleaning step, a crystal scraping 
step for scraping off crystal S (Fig. 1 ) formed in the bas- 
ket 20 and a drying step for drying the crystal scraped 
are carried out. The crystal scraping step is practiced in 
such a manner that the hydraulic cylinder 37 of the crys- 
tal scraping unit 31 is driven to pivotally move the scrap- 
ing blade 31 C toward the peripheral wall 20a of the bas- 
ket, resulting in the scraping blade 31 C advancing into 
the crystal while keeping a rotational speed of the basket 
20 reduced, so that the crystal is scraped off from the 
basket. Then, a drying step is executed. In the drying 
step, the heating unit 32 is operated to heat an interior 
of the casing 10, to thereby feed the basket with heat. 
Also, in the drying step, a valve (not shown) connected 
to the drainage pipe connection 11d is closed to tightly 
close the casing 10, which is then evacuated through 
suction pipe 33Aof which the pivotally movable section 
33b is held at the retreat position. 

Heating of the interior of the basket by the heating 
unit 32 while rotating the basket as described above per- 
mits cleaning liquid contained in the crystal in the basket 
to be evaporated, leading to drying of the crystal. The . 
basket is so arranged that the central axis thereof is kept 
inclined by 1 0 to 30 degrees with respect to a horizontal 
direction, as described above. Such arrangement of the 
basket permits crystal dried to be lifted from a lower por- 
tion of the peripheral wall of the basket toward an upper 
portion thereof and then invertedly dropped with rotation 
of the basket. Thus, the crystal is repeatedly turned over 
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with rotation of the basket, during which it is uniformly 
exposed to heat, resulting in being efficiently dried in a 
short period of time. 

Substantially the same advantage is likewise exhib- 
ited when the drying step is executed while keeping the 
central axis of the basket in a horizontal direction. 

In the drying step, the scraping blade may be held 
at either the advance limit position or the retreat posi- 
tion. 

When the casing is kept evacuated during drying of 
the crystal as described above, evaporation of liquid 
contained in the crystal is promoted; so that drying of 
the crystal may be accomplished in a short period of time 
even when a temperature for heating by the heating unit 
32 is set at a low level, resulting in heat energy being 
significantly saved. Also, this permits the drying to be 
carried out while keeping a temperature in the basket at 
a low level, to thereby prevent the crystal from being 
thermally deteriorated. Further, evacuation of the casing 
permits oxygen to be removed from the basket or mini- 
mizes a content of oxygen in the basket, to thereby pre- 
vent a deterioration of the crystal due to oxidation. 

The crystal drying step is completed after a period 
of time predetermined for the drying elapses. The drying 
permits crystal to exhibit free-flowing properties, result- 
ing in being readily collected in a lower region of the bas- 
ket. 

After the drying step is completed, a crystal recov- 
ery step is executed while rotating the basket at a low 
speed. The crystal recovery step is practiced in such a 
manner that the vacuum suction unit connected to the 
crystal recovery suction pipe 33A is operated to actuate 
the cylinder 42, to thereby move or advance the forward 
end of the pivotally movable section 33b of the crystal 
recovery suction pipe 33A into the crystal while slowly 
pivotally moving the pivotally movable section 33b to- 
ward the last suction position, so that the crystal may be 
recovered by suction. When the pivotally movable sec- 
tion 33b reaches the last suction position, it is stopped, 
resulting in recovery of the crystal being continued. The 
dried crystal exhibits free-flowing properties as de- 
scribed above, to thereby be collected in a lowermost 
region of the basket to which the pivotally movable sec- 
tion 33b is orientated with the assistance of rotation of 
the basket 20, so that substantially all crystal in the bas- 
ket may be recovered by suction through the forward 
end of the pivotally movable section 33b. 

Rotation of the basket 20 is stopped at the time 
when recovery of the crystal is completed, resulting in 
a series of steps being completed. When it is desired 
that a series of steps from the solid-liquid separation 
step to the crystal recovery step is repeated for treat- 
ment of slurry for one lot, the basket is increased in ro- 
tational speed after the crystal recovery step is finished, 
followed by transfer to the next solid-liquid separation 
step. 

Operation of the basket is stopped at the time when 
treatment of slurry for one tot is completed and then the 


casing cover 1 3 is open, followed by cleaning of the cas- 
ing and basket. 

. When the filter 28 is constructed of the wire net 28A 
and perforated plate 28B into a rigid structure as de- 
5 scribed above, roundness of the filter is increased or im- 
proved, so that the advance limit position of the scraping 
blade may be set substantially in proximity to the filter, 
to thereby minimize remaining of crystal on the inner.pe- 
ripheral surface of the filter due to a failure in crystal 
10 scraping. Use of such a rigid filter increased in round- 
ness advantageously reduces a distance between the 
forward end 33bl of the pivotally movable section 33b of 
the crystal recovery suction pipe 33A and the filter when 
the forward end of the pivotally movable section 33b is 
*5 moved to the last suction position, to thereby ensure sat- 
isfactory suction of crystal at the last suction position. 

The steps in series described above are preferably 
carried out automatically In order to automatically exe- 
cute the steps described above, it is preferable to ar- 
20 range a control unit for controlling the rotation drive 
mechanism 26, scraping blade drive unit 31 D, suction 
pipe drive unit 33B, slurry feed unit 30, cleaning liquid 
feed unit 34 and heating unit 32 in a predetermined se- 
quence so that the liquid feed step of feeding a prede- 
25 termined amount of slurry to the basket while rotating 
the basket, the liquid removal step of removing a liquid 
fraction from crystal while keeping rotation of the basket, 
the cleaning step of feeding cleaning liquid to the basket 
to clean crystal while keeping rotation of the basket, the 
30 crystal scraping step of scraping off cleaned crystal from 
the basket while keeping rotation of the basket, the dry- 
ing step of feeing heat to the basket to dry crystal while 
rotating the basket and the crystal recovery step of re- 
covering dried crystal through the crystal recovery suc- 
35 tion pipe by suction while holding the forward end of the 
pivotally movable section of the suction pipe and rotat- 
ing the basket are executed in order. 

The control unit described above may be construct- 
ed by means of a microcomputer. A flow chart of algo- 
40 rism of a program executed by the microcomputer in 
such a control unit is shown in Figs. 6 to 8 by way of 
example. Now, the manner of operation of the centrifu- 
gal filtration apparatus carried out according to the flow 
chart will be described hereinafter. 
45 When the microcomputer constituting the control 
unit is turned on, initialization at each of sections is first 
executed in a step 1 shown in Fig. 6. At this time, the 
scraping blade 31 C of the crystal scraping unit 31 is held 
at the retreat position and the pivotally movable section 
so 33b of the suction pipe 33A of the crystal recovery unit 
33A is likewise held at the retreat position. 

After the initialization at each section, the number 
of times of processing for one lot is set in a step 2, fol- 
lowed by transfer to a step 3, wherein feeding of a start 
55 command from a push button switch or the like is waited 
for. When the start command is fed, a step 4 is executed, 
so that operation of the basket 20 is started to increase 
a rotational speed thereof to a level required for liquid 
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feed. Then, astep 5 is executed to start liquid feed at the 
time when a rotational speed of the basket reaches a 
level required for liquid feed, resulting in the liquid feed 
step being carried out. In the liquid feed step, the slurry 
feed unit 30 is so controlled that a detection output of 
the liquid level detector 45 is used to eliminate overfeed- 
ing of liquid. 

Then, a step 6 is executed. In the step 6, it is judged 
whether or not the amount of liquid fed reaches a set 
level. As a result, when the liquid level detector 45 does 
not detect a decrease in liquid level within a predeter- 
mined period of time, so that it is judged that the amount 
reaches the set level, liquid feed is stopped in a step 7. 
Then, a step 8 shown in Fig. 7 is executed, so that the 
liquid removal step is carried out while increasing a ro- 
tational speed of the basket to a level required for liquid 
removal. Then, when it is detected in a step 9 that a 
period of time determined for the liquid removal elapses, 
a step 10 is executed to adjust a rotational speed of the 
basket to a level suitable for crystal cleaning, followed 
by transfer to a step 11, wherein feed of the cleaning 
liquid is started. Then, a step 12 is executed. When it is 
detected in the step 12 that a period of time set for the 
cleaning step elapses, a step 1 3 is executed to decrease 
a rotational speed of the basket to a level required for 
crystal scraping step. Then, a step 1 4 is executed to per- 
mit the scraping blade 31 C to advance into crystal de- 
posited on the inner peripheral surface of the basket, to 
thereby scrape off the crystal. 

Subsequently, astep 15shown in Fig. 8 is executed, 
so that a decrease in pressure in the casing is started. 
Then, in a step 16, the heating unit 32 is actuated to 
start heating of the basket, to thereby dry crystal while 
rotating the basket. A step 17 is executed, so that when 
it is detected that a predetermined period of time for the 
drying elapses, a step 18 is executed to stop heating of 
the basket, followed by execution of a step 1 9 to inter- 
rupt a reduction in pressure in the casing. Concurrently, 
the valve connected to the drainage pipe connection lid 
is open, to thereby form an atmospheric pressure in the 
casing. 

Thereafter, a step 20 is executed to move the scrap- 
ing blade 31 C to the retreat position, followed by exe- 
cution of a step 21 , so that the crystal recovery suction 
pipe is moved toward the last suction position. Then, in 
a step 22, the vacuum suction unit is operated to start 
recovery of crystal. Then, when it is detected in a step 
23 that recovery of crystal is completed, the processing 
is transferred to a step 24, wherein the number of times 
of the processing is reduced by one (1 ). Then, a step 25 
is executed, wherein it is judged whether or not the 
number of times of the processing is zero (0). Asa result, 
when it is not 0, the step 4 is executed again to start the 
liquid feed step; whereas when it is 0, rotation of the 
basket is stopped to complete a series of the steps. 

In the illustrated embodiment, the basket 20 is so 
arranged that the central axis thereof is constantly kept 
inclined by a predetermined angle with respect to a hor- 


izontal direction. However, in the present invention, it is 
merely required that in the drying step, the central axis 
of the basket is held horizontal or held inclined at a pre- 
determined angle within a range of, for example, 10 de- 

5 grees and 30 degrees and in the crystal recovery step, 
the central axis is kept inclined at a predetermined angle 
with respect to a horizontal direction to orientate the bot- 
tom wall 20b of the basket 20 in an oblique and down- 
ward direction. Thus, it is not necessarily required that 

io the central axis of the basket 20 is constantly held in- 
clined at a predetermined angle with respect to a hori- 
zontal direction. For example, in each of the solid-liquid 
separation step, cleaning step and drying step, the cen- 
tral axis of the basket may be held horizontal and in the 

*s crystal recovery step, it may be inclined by a predeter- 
mined angle with respect to a horizontal direction to ori- 
entate the bottom wall in an oblique and downward di- 
rection. 

When the central axis of the basket 20 is constantly 
20 held inclined at a predetermined angle with respect to a 
horizontal direction, arrangement of the basket inclina- 
tion angle adjustment mechanism maybe eliminated. In 
this instance, it is not required to separate the frame into 
the base frame 2 and movable frame 3. 
25 in the illustrated embodiment, the central axis of the 
basket is held inclined at a predetermined angle with re- 
spect to a horizontal direction in the steps extending 
from the solid-liquid separation step to the crystal recov- 
ery step. For this purpose, an angle of inclination of the 
30 central axis of the basket with respect to a horizontal 
direction is set to be 1 0 to 30 degrees in order to ensure 
that the solid-liquid separation step is smoothly carried 
out. Whereas, when the central axis of the basket is held 
inclined at a predetermined angle with respect to a hor- 
35 izontal direction only in the crystal recovery step, the an- 
gle may be increased to a level as high as about 45 de- 
grees. This permits inclination of the peripheral wall 20a 
of the basket to be rendered steep, resulting in crystal 
readily flowing toward the last suction position (or the 
40 corner P), so that the amount of crystal remaining in the 
basket may be minimized. 

Also, in this instance, the basket inclination angle 
adjustment mechanism may be controlled so as to grad- 
ually increase an angle of inclination of the central axis 
45 of the basket with respect to a horizontal direction to 
about 45 degrees with progress of crystal recovery in 
the crystal recovery step. 

The illustrated embodiment, as described above, is 
so constructed that the central axis of the basket may 
50 be variably set as desired between a state that it is kept 
horizontal and a state that it held inclined by an angle 
of about 10 to 30 degrees with respect to a horizontal 
direction. Alternatively, the basket inclination angle ad- 
justment mechanism may be constructed so as to en- 
55 sure that the central axis of the basket may be kept ei- 
ther vertical or inclined by an angle of about 10 to 30 
degrees with respect to a horizontal direction. In this in- 
stance, in the solid-liquid separation step and cleaning 
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step, the central axis is kept vertical and in the drying 
step and crystal recovery step, it may be kept inclined 
by an angle of about 10 to 30 degrees with respect to a 
horizontal direction. 

in the illustrated embodiment, the heating unit 32 is 
mounted on the inner peripheral surface of the casing 
cover. Alternatively, it may be inserted into the basket 
20 while being arranged so as to extend through the end 
wall 1 3c and lid plate 1 3e of the casing cover 32. In this 
instance, the heating unit may be installed at a position 
which keeps the heating unit from interfering with the 
liquid feed step and liquid removal step, such as a po- 
sition in proximity to a center of the basket. Also, in this 
instance, the heating unit may comprise an electric heat- 
er, a radiation pipe equipped with radiation fins in which 
heated fluid is circulated or the like. 

In the embodiment shown in Figs. 1 to 4, the casing 
is kept evacuated during drying of crystal. However, 
such evacuation of the casing is not necessarily re- 
quired. When the casing is not evacuated for the crystal 
drying step, the heating unit may be constructed so as 
to permit clean hot air to be blown into the basket 20. 

The above-described construction of the illustrated 
embodiment that the casing cover 13 is provided with 
the lid plate 1 3e for closing the opening of the basket 20 
effectively prevents leakage of crystal from the opening 
of the basket during rotation of the basket for drying 
crystal while repeatedly turning over it. 

Further, in the illustrated embodiment, the lid plate 
1 3e is mounted thereon with the lid member 27A made 
of a. rubber material to close the gap gl between the lid 
plate 13e and the inner peripheral surface of the end 
wall 20c of the basket with the lid member 27 A, resulting 
in effectively preventing leakage of crystal from the bas- 
ket. However, it is not necessarily required to arrange 
the lid member, A region at which the outer periphery of 
the lid plate 13e and the inner periphery of the end wall 
20c of the basket are opposite to each other may be 
constructed in any other manner for preventing leakage 
of crystal without the lid member 13e. 

For example, the illustrated embodiment, as shown 
in Fig, 5, may be so constructed that the inner peripheral 
section 20cl of the end wall 20c of the basket is provided 
thereon with a step in a manner to extend in a circum- 
ferential direction thereof and the lid plate 1 3e is provid- 
ed on the outer peripheral surface thereof with a step 
1 3el in a manner to be opposite to the above -described 
step on the inner peripheral section 20cl. Such construc- 
tion permits a labyrinth seal to be provided at a region 
at which the outer peripheral surface of the lid plate 1 3e 
and the inner peripheral section 20cl of the end wall 20c 
of the basket are opposite to each other, to thereby pre- 
vent leakage of crystal and liquid therefrom. 

In the embodiment shown in Figs. 1 to 4, the lid 
member 27B is arranged so as to close the gap g2 be- 
tween the outer peripheral section of the end wall of the 
basket and the inner collar 13d of the casing cover. This 
effectively prevents mist formed in the casing 13 during 


the solid-liquid separation step and cleaning step from 
leaking to a space on a side of the end wall 13c of the 
casing 13, resulting in pollution on an inner surface of 
the end wall 13c by the mist being positively prevented. 
s Alternatively, arrangement of the lid member 27B may 
be eliminated. Also, the lid member 27B may be re- 
placed with a labyrinth seal which may be arranged at 
a region at which the outer peripheral section of the lid 
plate 13e of the basket and the inner collar 13d of the 
10 casing cover are opposite to each other. 

Also, in the embodiment shown in Figs. 1 to 4, the 
hydraulic cylinder is used as the drive source for each 
of the drive unit 31 D provided on the crystal scraping 
unit 31 and the drive unit 33B provided on the crystal 
is recovery unit 33. The drive units each may be construct- 
ed in any desired manner. For example, a rotational dis- 
placement-linear displacement conversion mechanism 
including a threaded rod and a nut threaded ly fitted on 
the threaded rod may be used to convert rotation of the 
motor into linear motion, which is then transmitted to the 
arms 38 and 43, to thereby pivotally move the drive shaft 
31 A of the crystal scraping unit and the suction pipe 33A 
of the crystal recovery unit. Also, rotation of the motor 
may be transmitted through a gear transmission mech- 
anism to the drive shaft 31 A and suction pipe 33A. 

Referring now to Figs. 9 to 11 , another embodiment 
of a centrifugal filtration apparatus is illustrated. In Fig. 
9, reference character 2* designates a base frame fix- 
edly arranged on an installation base 1 . The base frame 
2' has an upper inclined surface formed so as to be in- 
clined by an angle of 10 to 30 degrees with respect to a 
horizontal direction, on which a base plate 50 is fixedly 
mounted. Reference numerals 51 and 52 each desig- 
nate a frame plate which has a surface arranged per- 
pendicularly to the base plate 50 and is mounted at a 
lower end thereof on the base plate 50. The frame plates 
51 and 52 cooperate together to support a bearing unit 
17' thereon. The bearing unit 17* includes a cylindrical 
housing 17a and ball bearings 17A' and 17B' received 
in the housing 17a, which act to rotatably support a re- 
volving shaft 16' therein. 

The frame plate 51 is securely mounted thereon 
with an annular flange plate 53 and has a casing cover 
13' coupled thereto through a hinge (not shown) in an 
openable manner. The casing cover 13* includes a cy- 
lindrical peripheral wall 13a* adapted to be aligned with 
the flange plate 53, an outer flange 1 3b' formed on one 
end of the peripheral wall 1 3a' defined in an axial direc- 
tion thereof, an end wall 13c' arranged for closing the 
other end of the peripheral wall 13a 1 in the axial direc- 
tion, an inner collar 13d' formed on an inner periphery 
of the peripheral wall 13a* while being positioned inside 
the end wall 1 3c', and a lid plate 1 3e' of a disc-like shape 
arranged so as to be concentric with the inner collar 1 3d' 
while being positioned inwardly of the inner periphery of 
the inner collar 1 3d' in a radial direction thereof and con- 
nected to the end wall 13c' by means of a connection 
member 14'. 
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The casing cover 13' is arranged so as to be pivot- 
ally moved about the hinge (not shown) between a 
closed position at which the peripheral wall 1 3a' is abut- 
ted against the flange plate 53 as shown in Fig. 9 and 
an open position at which a central axis of the peripheral 5 
wall 13a' is rendered perpendicular to that of the revolv- 
ing shaft 1 6'. Between the flange 1 3b' of the casing cov- 
er and the flange plate 53 is arranged a packing (not 
shown), so that the flange 1 3b' is fastened to the flange 
plate 53 using any suitable fastening means such as 10 
bolts or the like while holding the casing cover 1 3' at the 
closed position, resulting in joining between the flange 
13b of the casing cover and the flange plate 53 being 
carried out both airtightly and liquid-tightly. In the illus- 
trated embodiment, the casing cover 1 3', flame plate 51 is 
and flange plate 53 cooperate together to provide the 
casing 1 0', of which a bottom is constructed of the flame 
plate 51. 

The revolving shaft 16' has one end supported by 
the bearing unit 17' and introduced into the casing 10' 20 
through a seal member 54 mounted on the flame plate 
51 and the other end led out of an end of the bearing 
unit 17'. 

The apparatus of the illustrated embodiment also 
includes a basket 20' which includes a peripheral wall 2s 
20a', a bottom wall 20b' arranged so as to close one end 
of the peripheral wall 20a' defined in an axial direction 
thereof, and an annular end wall 20c 1 arranged so as to 
be projected inwardly in a radial direction thereof from 
an inner periphery of the other end of the peripheral wall 30 
20a* defined in the axial direction thereof. An outer 
flange 20d' is arranged on a portion of an outer periphery 
of the peripheral wall 20a' of the basket positioned in 
proximity to the other end of the peripheral wall in the 
axial direction. The end wall 20c' is constituted by an 3S 
annular plate detachably mounted on the outer flange 
20d' by means of bolts or the like. The peripheral wall 
20a' of the basket is formed with a number of through- 
holes while being uniformly distributed over the whole 
peripheral wall. The outer flange 20d' is mounted on an 40 
outer periphery thereof with a shade-like shield plate 
20e' by welding in a manner to concentrically surround 
the basket 20*. The shield plate 20e' is formed so as to 
be gradually increased in inner diameter toward the bot- 
tom wall 20b' of the basket. 45 

The basket 20' is arranged in the casing 10' while 
keeping a central axis thereof aligned with those of the 
casing 10' and bearing unit 17* and keeping the bottom 
wall 20b' facing the flame plate 51 and fixed through an 
outer surface of a central portion of the bottom wall 20b 
to one end of the revolving shaft 1 6'. Therefore, the bas- 
ket 20' is arranged so that the central axis thereof is con- 
stantly kept inclined by an angle of about 10 to 30 de- 
grees with respect to a horizontal direction, to thereby 
orientate the bottom wall 20b' in an oblique and down- 55 
ward direction. 

.The base plate 50 is mounted thereon with a motor 
22' acting as a drive source for rotating the basket 20', 


which motor includes a revolving shaft 22a' and a pulley 
23' mounted on the revolving shaft 22a*. Also, a pulley 
24* is mounted on the other end of the revolving shaft 
16' outwardly led out of the end of the bearing unit 17' 
and a belt 25' is arranged so as to extend through the 
motor 22* and pulleys 23* and 24V The motor 22\ pulleys 
23' and 24' and belt 25' ccxjperate with each other to 
provide a rotation drive unit 26' for rotating the revolving 
shaft 16' and basket 20'. 

The base plate 50 is mounted thereon with a cover 
55 for covering the bearing unit 17' and rotation drive 
unit 26'. 

The lid plate 1 3e' of the casing cover 1 3' is arranged 
so as to be loosely fitted in an inner peripheral section 
of the end wall 20c' of the basket 20' when the casing 
cover 1 3* is held at the closed position, so that a micro- 
gap gl may be formed between an oute r periphery of the 
lid plate 1 3e' and the inner peripheral section of the end 
wall 20c of the basket. Also, the inner collar 13d' of the 
casing cover 1 3' is arranged so as to externally surround 
an outside of the outer peripheral section of the end wall 
20c' of the basket 20' when the casing cover 1 3' is held 
at the closed position, resulting in a microgap g2 being 
formed between an inner periphery of the inner collar 
1 3d' and the outer peripheral section of the end wall 20c' 
of the basket. 

In the illustrated embodiment, arrangement of 
members like the lid members 27a and 27B incorporat- 
ed in the embodiment described above with reference 
to figs. 1 to 4 is eliminated. 

The peripheral wall 20a 1 of the basket 20' is fitted 
therein with a filter 28' which may be constructed in sub- 
stantially same manner as in the embodiment of Fig. 1 . 
The filter 28' is then fixed in the inner periphery of the 
basket using any suitable fixing means. 

The casing cover 13' is mounted thereon with a 
crystal scraping unit 31 ' for scraping off crystal deposit - 
edly formed on the inner periphery of the peripheral wall 
20a' of the basket 20' and a crystal recovery unit 33' 
equipped with a crystal recovery suction pipe 33A'. TTie 
casing cover 1 3' is also mounted thereon with a cleaning 
liquid feed unit for feeding the basket with cleaning liq- 
uid, a slurry feed unit for feeding the basket with slurry 
and a heating unit for feeding the basket with heat to dry 
crystal in the basket, and the like. Illustration of the units 
in the drawings is eliminated for the sake of brevity. 

In the illustrated embodiment, the peripheral wall 
13a' of the casing cover 13' is provided thereon with a 
drainage pipe connection 13f, a drain pipe connection 
13g', and a pressure reducing unit connection 13h' to 
which a pressure reducing unit such as a vacuum pump 
or the like is connected for evacuating the casing. 

The drainage pipe connection 1 3f' is provided so as 
to permit a drainage pipe for outwardly guiding a liquid 
fraction discharged from the basket to be connected 
thereto. For this purpose, it is arranged so as to be lo- 
cated at a lowermost position when the casing cover 1 3' 
is held at the closed position as shown in Fig. 9. 
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The drain pipe connection 1 3g' is constructed so as 
to permit a drain pipe for outwardly guiding a liquid en- 
tering a gap G between the inner collar 1 3d* of the casing 
cover 1 3* and the end wall 1 3c' through the gaps gl and 
g2 to be connected thereto. The drain pipe connection s 
1 3g' is arranged so as to permit the inner collar 1 3d' and 
end wall 13c' to communicate with each other through 
the gap G while being downwardly orientated when the 
casing cover is held at the closed position. 

The pressure reducing unit connection 13h' is ar- 10 
ranged so as to be opposite to the above-described 
shield plate 20e' mounted on the outer periphery of the 
basket. Also, the connection 13h' is arranged so as to 
be upwardly open when the casing cover 13' is held at 
the closed position and connected to the pressure re- 15 
during unit through a piping (not shown). 

Further, as shown in Figs. 10 and 11, the bottom 
wall 20b' of the basket 20' is formed on an inner surface 
thereof with an annular recess 20f so as to surround the 
central axis of the basket. Also, the bottom wall 20b' is 20 
formed with a number of gas passage holes 20g' in a 
manner to extend through a bottom of the recess 20f, 
resulting in an interior of the basket communicating with 
an exterior thereof through the holes 20g\ The recess 
20f has an annular filter 56 fitted therein for covering 25 
the gas passage holes 20g\ The filter 56 is fixed in the 
recess 20f by means of ring-like pressor plates 58 and 
59 respectively arranged on inner and outer peripheral 
sides of the recess 20f and fastened to the bottom wall 
20b' using screws 57. The filter 56 may be formed of a 30 
wire mesh, a perforated plate or the like which has a 
mesh size sufficient to prevent crystal formed in the bas- 
ket from passing therethrough. 

In the embodiment shown in Figs. 9 to 11, as de- 
scribed above, the bottom wall of the basket 20' is 3S 
formed with the gas passage holes 20g' covered with 
the filter. Such arrangement permits the basket 20' to be 
rapidly evacuated through the gas passage holes 20g' 
when the evacuation through the pressure reducing unit 
connection 13h' is required in the crystal drying step, 40 
resulting in the drying being satisfactorily accomplished 
in a short period of time. 

Also, arrangement of the shade-like shield plate 
20e' in a manner to be opposite to the pressure reducing 
unit connection 1 3h' of the peripheral wall of the basket 45 
as shown in Fig. 9 effectively prevents liquid discharged 
via the through-holes of the peripheral wall of the basket 
from being scattered toward the pressure reducing unit 
connection 1 3h\ to thereby restrain the liquid from flow- 
ing toward the pressure reducing unit. Also, the shield $0 
plate 20e' functions to guide liquid discharged through 
the peripheral wall of the basket toward the bottom of 
the casing, to thereby restrain the liquid from entering 
the gap between the lid plate 1 3e' and the end wall 1 3c' 
through the gap g2. ss 

As shown in Figs. 1 to 4 or Fig. 9, arrangement of 
basket 20 or 20' in the tightly sealable casing 10 or 10' 
permits all steps extending from the solid-liquid separa- 


tion step to the crystal recovery step to be carried out in 
the space tightly closed, to thereby substantially prevent 
a deterioration of crystal due to inclusion of any impurity 
therein, 

Nevertheless, the present invention is not limited to 
such arrangement of the basket in the casing construct- 
ed in a manner to be closable. Thus, the present inven- 
tion may be suitably applied to arrangement wherein the 
basket is rotatably supported in the casing of an open 
structure. 

In each of the embodiments described above, the 
basket is adapted to be rotated during recovery of crys- 
tal. However, when crystal exhibits free-flowing proper- 
ties increased to a degree sufficient to permit the crystal 
to be collected without rotation of the basket, crystal re- 
covery may be conveniently carried out while keeping 
the basket stationary. 

Also, the present invention may be constructed in 
such a manner that rotation of the basket is kept stopped 
at an initial stage of the crystal recovery step and then 
the basket is rotated at a stage of the step at which crys- 
tal recovery progresses to a degree. Such construction 
facilitates collection of crystal in the lowermost portion 
of the basket. 

In addition, repeating of rotation and interruption of 
the basket during the crystal recovery step permits col- 
lection and recovery of crystal to be carried out at the 
lowermost portion of the basket. 

Further, in each of the embodiments described 
above, the drying step is carried out after the crystal 
scraping step. Alternatively, heating in the basket may 
be started before or during the crystal scraping step, so 
that the crystal scraping step and drying step may be 
concurrently accomplished in parallel with each other. 

As can be seen from the foregoing, the present in- 
vention is constructed in the manner that during the 
crystal recovery step, the central axis of the basket is 
kept inclined with respect to a horizontal direction, re- 
sulting in crystal in the basket being ultimately collected 
at the comer of the basket between the lowermost por- 
tion of the peripheral wall of the basket and the bottom 
wall thereof and concurrently the crystal recovery suc- 
tion pipe is displaced at the forward end thereof to a po- 
sit ran in proximity to the above-described corner. Such 
construction minimizes the amount of crystal remaining 
in the basket, to thereby increase recovery of crystal. 

In particular, the present invention, when the crystal 
recovery step is practiced after the drying step, permits 
substantially all crystal to be recovered by suction, to 
thereby highly increase recovery of crystal, because 
crystal is provided with increased free-flowing proper- 
ties during the crystal recovery step. 

Also, the present invention permits the steps ex- 
tending from the solid-liquid separation step to the crys- 
tal recovery step to be carried out in the same basket, 
to thereby prevent a deterioration in quality of crystal 
due to inclusion of any impurity in the crystal. 

Further, when the present invention is constructed 
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so as to keep the basket evacuated during the crystal 
drying step, heat energy fed to the basket can be re- 
duced, to thereby promote energy savings. Also, this 
permits a temperature of crystal during the drying step 
to be held at a reduced level, to thereby minimize ther- 
mal deterioration of crystal. 

Moreover, a reduction in pressure in the casing and 
basket during the crystal drying step permits oxygen in 
the basket to be substantially removed therefrom or a 
content of oxygen therein to be reduced at least to a 
sufficient degree, resulting in crystal being kept from be- 
ing oxidized. 

While preferred embodiment of the invention have 
been described with a certain degree of particularity with 
reference to the drawings, obvious modifications and 
variations are possible in light of the above teachings. 
It is therefore to be understood that within the scope of 
the appended claims, the invention may be practiced 
otherwise than as specifically described. 


Claims 

1 . A centrifugal filtration method comprising: 

a solid-liquid separation step of subjecting slur- 
ry to centrifugal filtration by means of a centrif- 
ugal filtration apparatus to separate the slurry 
into a liquid fraction and crystal; 
said centrifugal filtration apparatus including a 
basket (20) constructed of a cylindrical periph- 
eral wall (20a) formed with a plurality of 
through-holes, a bottom wall (20b) arranged so 
as to close one end of the peripheral wall de- 
fined in an axial direction thereof and an annu- 
lar end wall (20c) arranged so as to be project- 
ed inwardly in a radial direction of the peripheral 
wall from an inner periphery of the other end of 
the peripheral wall defined in the axial direction, 
as well as a rotation drive unit (26) for rotating 
said basket; 

the crystal being deposited on an inner periph- 
eral surface of the basket during said solid-liq- 
uid separation step; 

a crystal scraping step of scraping off crystal 
deposited on the inner peripheral surface of 
said basket; and 

a crystal recovery step of recovering crystal 
scraped off from an inner peripheral surface of 
said basket by suction through a crystal recov- 
ery suction pipe (33A) inserted into said basket, 

characterized in that: 

said crystal recovery step is carried out in a 
manner to advance a forward end of the crystal re- 
covery suction pipe into crystal to suck crystal and 
concurrently displace the forward end of said suc- 
tion pipe to a corner of said basket between a low- 


ermost portion of the peripheral wail of said basket 
and the bottom wall of said basket while inclining a 
central axis of said basket by a predetermined angle 
with respect to a horizontal direction to orientate the 
5 bottom wall of said basket in a oblique and down- 
ward direction. 

2. A centrifugal filtration method comprising: 


"> a solid-liquid separation step of subjecting slur- 

ry to centrifugal filtration by means of a centrif- 
ugal filtration apparatus to separate the slurry 
into a liquid fraction and crystal; 
said centrifugal filtration apparatus including a 

15 basket (20) constructed of a cylindrical periph- 

eral wall (20a) formed with a plurality of 
through-holes, a bottom wall (20b) arranged so 
as to close one end of the peripheral wall de- 
fined in an axial direction thereof and an annu- 

20 lar end wall (20c) arranged so as to be project- 

ed inwardly in a radial direction of the peripheral 
wall from an inner periphery of the other end of 
the peripheral wall defined in the axial direction, 
as well as a rotation drive unit (26) for rotating 

25 said basket; 

said basket being rotatably arranged in a tightly 
closable casing; 

the crystal being deposited on an inner periph- 
eral surface of the basket during said solid-liq- 
30 uid separation step; 

acleaning step of feeding cleaning liquid to said 
basket to clean crystal; 

a crystal scraping step of scraping off crystal on 
the inner peripheral surface of said basket while 

35 rotating said basket at a low speed; 

a drying step of feeding heat to said basket to 
dry crystal while rotating said basket; and 
a crystal recovery step of recovering dried crys- 
tal by suction through a crystal recovery suction 

40 pipe (33A) inserted into said basket; 

said steps being carried out while keeping said 
casing tightly closed, 

characterized in that: 

45 

said drying step is carried out in a manner to 
repeatedly turn over crystal in said basket with 
rotation of said basket while keeping a central 
axis of said basket horizontal or inclined by a 
50 predetermined angle with respect to a horizon- 

tal direction; and 

said crystal recovery step is carried out in a 
manner to advance a forward end of the crystal 
recovery suction pipe into crystal to suck crystal 
55 and concurrently displacing the forward end of 

said suction pipe to a corner of said basket be- 
tween a lowermost portion of the peripheral wall 
of said basket and the bottom wall of said bas- 
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ket while inclining a central axis of said basket 
by a predetermined angle with respect to a hor- 
izontal direction to orientate the bottom wall of 
said basket in a oblique and downward direc- 
tion. 5 

A centrifugal filtration method as defined in claim 2, 
characterized in that said drying step is carried out 
while reducing a pressure in each of said casing and 
basket. 10 

A centrifugal filtration apparatus comprising: 

a basket (20) including a cylindrical peripheral 
wall (20a) formed with a plurality of through- is 
holes, a bottom wall (20b) arranged so as to 
close one end of said peripheral wall defined in 
an axial direction thereof and an annular end 
wall (20c) arranged so as to be projected in- 
wardly in a radial direction of said peripheral 20 
wall from an inner periphery of the other end of 
said peripheral wall defined in the axial direc- 
tion and supported in a manner to be rotatable; 
a rotation drive unit (22) for rotating said basket; 
a slurry feed unit (30) for feeding slurry to said 25 
basket; 

a crystal scraping unit (33) for scraping off crys- 
tal deposited on an inner peripheral surface of 
said peripheral wall of said basket; and 
a crystal recovery unit including a crystal recov- 30 
ery suction pipe inserted into said basket, 

characterized in that: 

said basket is arranged in a manner to keep a & 
central axis thereof inclined to obliquely down- 
wardly incline said bottom wall; and 
said crystal recovery suction pipe includes a 
pivotally movable section (33b) pivotally moved 
in said basket and is so arranged that said piv- 40 
otally movable section is displaced at a forward 
end (33bl) thereof between a last suction posi- 
tion defined in proximity to a corner of said bas- 
ket between a lowermost portion of said periph- 
eral wall of said basket kept inclined and said 
bottom wall of said basket and a retreat position 
at which said forward end is retreated inwardly 
of a position corresponding to an inner periph- 
ery of an opening of said basket. 

so 

A centrifugal filtration apparatus comprising: 

a basket (20) including a cylindrical peripheral 
wall (20a) formed with a plurality of through- 
holes, a bottom wall (20b) arranged so as to ss 
close one end of said peripheral wall defined in 
an axial direction thereof and an annular end 
wall (20c) arranged so as to be projected in- 


wardly in a radial direction of said peripheral 
wall from an inner periphery of the other end of 
said peripheral wall defined in the axial direc- 
tion and supported in a manner to be rotatable; 
a rotation drive unit (26) for rotating said basket; 
a slurry feed unit (30) for feeding slurry to said 
basket; 

a crystal scraping unit (31 ) for scraping off crys- 
tal deposited on an inner peripheral surface of 
said peripheral wall of said basket; and 
a crystal recovery unit (33) including a crystal 
recovery suction pipe (33A) inserted into said 
basket, 

characterized in that: 

a basket inclination angle adjustment mecha- 
nism (21) is arranged for adjusting an angle of 
inclination of a central axis of said basket with 
respect to a horizontal direction; 
said basket is arranged so that said central axis 
of said basket is inclined by a predetermined 
angle with respect to the horizontal direction to 
orientate said bottom wall of said basket in an 
oblique and downward direction at least during 
recovery of crystal; and 
said crystal recovery suction pipe includes a 
pivotally movable section (33b) pivotally moved 
in said basket and is so arranged that said piv- 
otally movable section is displaced at a forward 
end (33bl) thereof between a last suction posi- 
tion defined in proximity to a comer of said bas- 
ket between a lowermost portion of said periph- 
eral wall of said basket kept inclined and said 
bottom wall of said basket and a retreat position 
at which 6aid forward end is retreated inwardly 
of a position corresponding to an inner periph- 
ery of an opening of said basket. 

6. A centrifugal filtration apparatus comprising: 

a casing (10) including an openable cover (13) 
and arranged so as to be tightly closed when 
said cover is closed; 

a basket (20) including a cylindrical peripheral 
wall (20a) formed with a plurality of through- 
holes, a bottom wall (20b) arranged so as to 
close one end of said peripheral wall defined in 
an axial direction thereof and an annular end 
wall (20c) arranged so as to be projected in- 
wardly in a radial direction of said peripheral 
wall from an inner periphery of the other end of 
said peripheral wall defined in the axial direc- 
tion; 

said basket being arranged in said casing; 
a revolving shaft (22a) arranged outside said 
basket so as to be coaxial with said basket and 
having one end coupled to an outer surface of 
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said bottom wall of said basket; 
said revolving shaft being rotatably supported 
by a bearing unit fixed with respect to said cas- 
ing; 

a rotation drive unit (26) for rotating said revolv- 5 
ing shaft; 

a slurry feed unit (30) for feeding slurry to said 
basket; 

a cleaning liquid feed unit (34) for feeding said 
basket with cleaning liquid for cleaning crystal 10 
formed in said basket; 

a heating unit (32) for feeding heat to said bas- 
ket to dry crystal cleaned by said cleaning liq- 
uid; 

a crystal scraping unit (31 ) for scraping off crys- . is 
tal deposited on an inner peripheral surface of 
said peripheral wall of said basket; 
a crystal recovery unit (33) for recovering crys- 
tal in said basket; and 

a control unit for controlling said rotation drive 20 
unit, slurry feed unit, cleaning liquid feed unit, 
crystal scraping unit and crystal recovery unit 
so that a liquid feed step of feeding a predeter- 
mined amount of slurry to said basket while ro- 
tating said basket, a liquid removal step of re- 25 
moving a liquid fraction contained in said slurry 
therefrom while rotating said basket, a cleaning 
step of feeding cleaning liquid to said basket to 
clean crystal deposited on said inner peripheral 
surface of said peripheral wall of said basket 3° 
while rotating said basket, a crystal scraping 
step of scraping off crystal on said inner periph- 
eral surface of said basket while rotating said 
basket, a drying step of feeding heat to said 
basket to dry crystal while rotating said basket & 
and a crystal recovery step of recovering dried 
crystal in said basket by means of said crystal 
recovery unit are carried out, 

characterized in that: 40 

a basket inclination angle adjustment mecha- 
nism (21 ) is arranged for adjusting an angle of 
inclination of a central axis of said basket with 
respect to a horizontal direction so as to incline 45 
said central axis of said basket by a predeter- 
mined angle with respect to the horizontal di- 
rection to orientate said bottom wall of said bas- 
ket in an oblique and downward direction at 
least during said crystal recovery step; so 
said crystal recovery unit includes a crystal re- 
covery suction pipe (33A) which includes a 
straight pipe section (33a) arranged so as to ex- 
tend in parallel with said axis of said basket and 
rotatably supported while extending through & 
said cover of said casing at a position deviated 
from said central axis of said basket and a piv- 
otally movable section having a rearward end 


connected to an end of said straight pipe sec- 
tion defined on a side of said basket and a for- 
ward end orientated toward said peripheral wall 
of said basket and arranged so as to be pivot- 
ally moved with rotation of said straight pipe 
section and a suction pipe drive unit (33B) for 
rotating said straight pipe section of said crystal 
recovery suction pipe to pivotally move said piv- 
otally movable section in said basket; 
said crystal recovery suction pipe is so ar- 
ranged that said pivotally movable section is 
displaced at said forward end thereof between 
a last suction position defined in proximity to a 
comer of said basket between a lowermost por- 
tion of said peripheral wall of said basket kept 
inclined and said bottom wall of said basket and 
a retreat position at which said forward end is 
retreated inwardly of a position corresponding 
to an inner periphery of an opening of said bas- 
ket; and 

said control unit is constructed so as to displace 
said forward end of said pivotally movable sec- 
tion of said crystal recovery suction pipe to said 
last suction position during said crystal recov- 
ery step. 

7. A centrifugal filtration apparatus as defined in claim 
6, characterized in that said cover of said casing is 
mounted thereon with a lid plate (13e); 

said lid plate is arranged so as to be rendered 
opposite to said inner periphery of said end wall 
of said basket through a microgap defined ther- 
ebetween to close an opening defined inside 
said end wall when said cover of said casing is 
at a closed position; 

said bottom wall of said basket is formed with 
gas passage holes in a manner to extend there- 
through and provided on an inside thereof with 
a filter so as to cover said gas passage holes; 
and 

said casing is provided with a pressure reduc- 
ing unit connection to which a pressure reduc- 
ing unit for reducing a pressure in said casing 
is connected. 

8. A centrifugal filtration apparatus comprising: 

a casing (10) including an openable cover (13) 
and arranged so as to be tightly closed when 
said cover is closed; 

a basket (20) including a cylindrical peripheral 
wall (20a) formed with a plurality of through- 
holes, a bottom wall (20b) arranged so as to 
close one end of said peripheral wall defined in 
an axial direction thereof and an annular end 
wall (20c) arranged so as to be projected in- 
wardly in a radial direction of said peripheral 


16 


31 


EP 0 785 030 A2 


32 


wall from an inner periphery of the other end of 
said peripheral wall defined in the axial direc- 
tion; 

said basket being arranged in said casing; 

a revolving shaft (22a) arranged outside said 5 

basket so as to be coaxial with said basket and 

having one end coupled to an outer surface of 

said bottom wall of said basket; 

said revolving shaft being rotatably supported 

by a bearing unit fixed with respect to said cas- 10 

ing; 

a rotation drive unit (26) for rotating said revolv- 
ing shaft; 

a crystal recovery unit (33) for recovering crys- 
tal in said basket; is 
a crystal scraping unit (31) including a drive 
shaft (31 A) inserted into said basket through 
said cover of said casing, a scraping blade 
(31 C) mounted on said drive shaft and pivotally 
moved between an advance limit position at 20 
which it approaches said peripheral wall of said 
basket and a retreat position at which it is re- 
treated inwardly of a position corresponding to 
an inner periphery of said end wall of said bas- 
ket with rotation of said drive shaft and a scrap- 25 
ing blade drive mechanism (31 D) for driving 
said drive shaft to pivotally move said scraping 
blade; 

a slurry feed unit (30) for feeding slurry to said 
basket; 30 
a cleaning liquid feed unit (34) for feeding said 
basket with cleaning liquid for cleaning crystal 
formed in said basket; 

a heating unit (32) for feeding heat to said bas- 
ket to dry crystal in said basket; and & 
a control-unit for controlling said rotation drive 
unit, crystal scraping unit, crystal recovery unit, 
slurry feed unit, cleaning liquid feed unit and 
heating unit.so that a liquid feed step of feeding 
a predetermined amount of slurry to said basket *o 
while rotating said basket, a liquid removal step 
of removing a liquid fraction contained in said 
slurry while rotating said basket, a cleaning 
step of feeding cleaning liquid to said basket to 
clean crystal while rotating said basket, a crys- 45 
tal scraping step of scraping off cleaned crystal 
while rotating said basket, a drying step of feed- 
ing heat to said basket to dry crystal while ro- 
tating said basket and a crystal recovery step 
of recovering dried crystal by means of said so 
crystal recovery unit are carried out, 

characterized in that: 

said basket is arranged so that a central axis 
thereof is inclined to orientate said bottom wall 
of said basket in an oblique and downward di- 
rection; 


said crystal recovery unit includes a crystal re- 
covery suction pipe (33A) which includes a 
straight pipe section (33a) arranged so as to ex- 
tend in parallel with said axis of said basket and 
rotatably supported while extending through 
said cover of said casing at a position deviated 
from said central axis of said basket and a piv- 
otally movable section (33b) having a rearward 
end connected to an end of said straight pipe 
section defined on a side of said basket and a 
forward end orientated toward said peripheral 
wall of said basket and arranged so as to be 
pivotally moved with rotation of said straight 
pipe section and a suction pipe drive unit (33B) 
for rotating said straight pipe section of said 
crystal recovery suction pipe to pivotally move 
said pivotally movable section in said basket; 
said crystal recovery suction pipe is so ar- 
ranged that said pivotally movable section is 
displaced at said forward end thereof between 
a last suction position defined in proximity to a 
comer of said basket between a lowermost por- 
tion of said peripheral wall of said basket and 
said bottom wall of said basket and a retreat 
position at which said forward end is retreated 
inwardly of a position corresponding to an inner 
periphery of said end wall of said basket; and 
said control unit controls said crystal recovering 
unit so as to displace said forward end of said 
pivotally movable section of said crystal recov- 
ery suction pipe to said last suction position 
during said crystal recovery step. 

9. A centrifugal filtration apparatus as defined in claim 
8, characterized in that said cover of said casing is 
mounted thereon with a lid plate (13e); 

said lid plate is arranged so as to be rendered 
opposite to said inner periphery of said end wall 
of said basket through a microgap defined ther- 
ebetween to close an opening defined inside 
said end wall when said cover of said casing is 
at a closed position; 

said bottom wall of said basket is formed with 
gas passage holes in a manner to extend there- 
through and provided on an inside thereof with 
a filter so as to cover said gas passage holes; 
and 

said casing is provided with a pressure reduc- 
ing unit connection to which a pressure reduc- 
ing unit for reducing a pressure in said casing 
is connected. 

10. A centrifugal filtration apparatus comprising: 

a casing (10) including an openable cover (13) 
and arranged so as to be tightly closed when 
said cover is closed; 
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a basket (20) including a cylindrical peripheral 
wall (20a) formed with a plurality of through- 
holes, a bottom wall (20b) arranged so as to 
close one end of said peripheral wall defined in 
an axial direction thereof and an annular end 5 
wall (20a) arranged so as to be projected in- 
wardly in a radial direction of said peripheral 
wall from an inner periphery of the other end of 
said peripheral wall defined in the axial direc- 
tion; 10 
said basket being arranged in said casing; 
a revolving shaft (22a) arranged outside said 
basket so as to be coaxial with said basket and 
having one end coupled to an outer surface of 
said bottom wall of said basket; is 
said revolving shaft being rotatably supported 
by a bearing unit fixed with respect to said cas- 
ing; 

a rotation drive unit (26) for rotating said revolv- 
ing shaft; 20 
a crystal recovery unit (33) for recovering crys- 
tal in said basket; 

a crystal scraping unit (31) including a drive 
shaft (31 A) inserted into said basket through 
said cover of said casing, a scraping blade 25 
(31 C) mounted on said drive shaft and pivotally 
moved between an advance limit position at 
which it approaches said peripheral wall of said 
basket and a retreat position at which it is re- 
treated inwardly of a position corresponding to 30 
an inner periphery of said end wall of said bas- 
ket with rotation of said drive shaft and a scrap- 
ing blade drive mechanism (31 D) for driving 
said drive shaft to pivotally move said scraping 
blade; 35 
a slurry feed unit (30) for feeding slurry to said 
basket; 

a cleaning liquid feed unit (34) for feeding said 
basket with cleaning liquid for cleaning crystal 
formed in said basket; 40 
a heating unit (32) for feeding heat to said bas- 
ket to dry crystal in said basket; and 
a control unit for controlling said rotation drive 
unit, crystal scraping unit, crystal recovery unit, 
slurry feed unit, cleaning liquid feed unit and 45 
heating unit so that a liquid feed step of feeding 
a predetermined amount of slurry to said basket 
while rotating said basket, a liquid removal step 
of removing a liquid fraction contained in said 
slurry while rotating said basket, a cleaning so 
step of feeding cleaning liquid to said basket to 
clean crystal while rotating said basket, a dry- 
ing step of scraping off cleaned crystal and 
feeding heat to said basket to dry crystal while 
rotating said basket and a crystal recovery step ss 
of recovering dried crystal by means of said 
crystal recovery unit are carried out; 


characterized in that: 

a basket inclination angle adjustment mecha- 
nism (21) is arranged for adjusting an angle of 
inclination of a central axis of said basket with 
respect to a horizontal direction; 
said crystal recovery unit includes a crystal re- 
covery suction pipe (33A) which includes a 
straight pipe section (33a) arranged so as to ex- 
tend in parallel with said axis of said basket and 
rotatably supported while extending through 
said cover of said casing at a position deviated 
from said central axis of said basket and a piv- 
otally movable section (33b) having a rearward 
end connected to an end of said straight pipe 
section defined on a side of said basket and a 
forward end orientated toward said peripheral 
wall of said basket and arranged so as to be 
pivotally moved with rotation of said straight 
pipe section and a suction pipe drive unit (33B) 
for rotating said straight pipe section of said 
crystal recovery suction pipe to pivotally move 
said pivotally movable section in said basket; 
said pivotally movable section of said crystal re- 
covery suction pipe is arranged so that said for- 
ward end thereof is displaced between a last 
suction position defined in proximity to a corner 
of said basket between a lowermost portion of 
said peripheral wall of said basket and said bot- 
tom wall of said basket and a retreat position at 
which said forward end is retreated inwardly of 
a position corresponding to an inner periphery 
of said end wall of said basket; 
said cover of said casing is mounted thereon 
with a lid plate (13e); 

said lid plate is arranged so as to be rendered 
opposite to said inner periphery of said end wall 
of said basket through a microgap defined ther- 
ebetween to close an opening defined inside 
said end wall when said cover of said casing is 
at a closed position; 

said bottom wall of said basket is formed with 
gas passage holes in a manner to extend there- 
through and provided on an inside thereof with 
a filter so as to cover said gas passage holes; 
said casing is provided with a pressure reduc- 
ing unit connection to which a pressure reduc- 
ing unit for reducing a pressure in said casing 
is connected; and 

said control unit controls said basket inclination 
angle adjustment mechanism so as to incline 
said central axis of said basket by a predeter- 
mined angle with respect to the horizontal di- 
rection to orientate said bottom wall of said bas- 
ket in an oblique and downward direction and 
controls said crystal recovery unit so as to dis- 
place the forward end of said pivotally movable 
section of said crystal recovery suction pipe to 
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